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Work Undertaken to Date 
The transitional funding from MTSRF plus supplementary funding from CRC 
Reef and CRC Torres Strait enabled the first survey of the entire urban coast of 
Queensland for dugongs to be carried out in November 2005. In addition, a 
reference block in Torres Strait was surveyed to provide a context for the survey 
of the urban coast. The results of the 2005 surveys are being presented to 
Traditional Owners and stakeholders at a series of workshops. 
 
The results of the 2005 survey have been analyzed in the context of results of 
pervious surveys of various parts of this coast since the mid 1980s using 
comparable techniques. The results of the 20 year time series of surveys 
suggest that dugong numbers are now stable at the scale of the entire urban 
coast of Queensland although populations fluctuate at the level of individual 
survey blocks (usually bays), probably largely due to natural changes in 
seagrass habitats.   
 
The results of the surveys indicate that it will be important to: (1) develop cross-
jurisdictional objectives for the management of dugongs at the scale of the 
entire region, and (2) co-ordinate management at both culturally and 
ecologically relevant scales. 
 
Benefits of Project 
The project provided the first synopsis of the distribution and abundance of the 
dugong on the urban cost of Queensland from Cooktown to the Queensland –
NSW border. The results of previous surveys of subsets of this region have 
been difficult to interpret because of the confounding influences of unpredictable 
dugong movements between bays within the region in response to changes in 
their seagrass habitats.  
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Outcomes of Project  
The Project has resulted in the following recommendations being made to the 
Great Barrier Reef Marine Park Authority and the Department of Environment 
with regard to the management of the dugong on the urban coast of 
Queensland from Cooktown to the Queensland –NSW border. 
 
Recommendations 
1. That the mechanisms to protect dugongs on the urban coast of 
Queensland be formally co-ordinated through the development of a 
single ‘Dugong Management Plan for the Urban Coast of Queensland’. 
This Plan should address all anthropogenic impacts on dugongs in the 
region in partnership with other management initiatives such as the 
‘Sustainable harvest of marine turtles and dugongs in Australia - A 
national partnership approach 2005’, Traditional Use Marine Resource 
Agreements and East Coast Inshore Finfish Fishery Management Plan.  
 
2. That the ‘Dugong Management Plan for the Urban Coast of Queensland’ 
have explicit ecological, social and cultural objectives, developed in 
consultation with Traditional Owners and stakeholders.  
 
3. That the success of achieving these objectives be formally monitored 
and reported to the Great Barrier Reef Ministerial Council. 
 
4. That the ‘Dugong Management Plan for the Urban Coast of Queensland’: 
a. specify whether the overall objective of dugong management on 
the urban coast of Queensland is to maintain the dugong 
population at its 2005 level or to facilitate the recovery of the 
dugong population to historic levels; 
b. indicate the priorities for dugong management and whether or not 
these priorities reflect the Australian Law Reform Commission’s 
priorities of: (1) conservation; (2) traditional use, (3) recreational 
and commercial use;  
c. recommend that the level of human-induced mortality of dugongs 
be monitored through the Queensland Marine Wildlife Stranding 
Program; 
d. recommend that the dugong population along the urban coast of 
Queensland continue to be monitored every five years using the 
aerial survey design and methodology used in the 2005 survey; 
e. recommend that an education program be developed to explain 
the diversity of management initiatives used to protect dugongs on 
the urban coast of Queensland, emphasizing that the Dugong 
Protection Areas are but a part of theses initiatives. 
 
5. That if the ecological objective of the ‘Dugong Management Plan for the 
Urban Coast of Queensland’ is to maintain the population at the 2005 
level, the plan: 
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a. continue the present management initiatives used to protect 
dugongs in the Great Barrier Reef Marine Park, the Great Barrier 
Reef Coastal Marine Park, the Hervey Bay Marine Park  and the 
Moreton Bay Marine Park; 
b. aim to ensure that the total human-induced mortality of dugongs is 
less than about 40 per year; 
c. determine how this mortality is divided among the various sources 
of mortality. 
 
6. That if the ecological objective of ‘Dugong Management Plan for the 
Urban Coast of Queensland’ is facilitate the recovery of the dugong 
population, the Plan: 
a. strengthen the network of no-take areas which protect dugongs by 
increasing the proportion of habitats which consistently support 
high densities of dugongs in the Hervey Bay Marine Park and the 
Moreton Bay Marine Park, that are zoned as ‘no-take’; 
b. increase surveillance of initiatives to reduce dugong deaths from 
vessel strike; 
c. aim to ensure that the total human-induced mortality of dugongs is 
less than 10 per year (effectively aim for zero human-induced 
mortality); 
d. continue to encourage Traditional Owner not to hunt dugongs 
along the urban coast (south of Cooktown)  
e. recommend that the management agencies not endorse the 
hunting of dugongs (either through accrediting, TUMRAs, granting 
permits or entering into MOUs). 
 
7. That while the objectives of the ‘Dugong Management Plan for the Urban 
Coast of Queensland’ are negotiated with Traditional Owners and 
stakeholders, the management agencies: 
a. continue to encourage Traditional Owner not to hunt dugongs 
along the urban coast (south of Cooktown); 
b. not endorse the hunting of dugongs (either through accrediting, 
TUMRAs, granting permits or entering into MOUs). 
 
8. That the East Coast Inshore Finfish Fisheries Management Plan: 
a. have a focus on multispecies impacts and solutions to 
entanglement using the best available independently peer-
reviewed and published scientific research;  
b. implement all the past GBR Ministerial Council recommendations 
in relation to dugong conservation.  
9. That an education program be developed to explain the diversity of 
management initiatives used to protect dugongs on the urban coast of 
Queensland, emphasizing that the Dugong Protection Areas are but a 
part of theses initiatives. 
10. That a plan be developed and co-ordinated across-jurisdictions to 
monitor the status of dugongs throughout their range in Australia using 
the revised aerial survey design and methodology used in this project. 
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11. That the Queensland Marine Wildfire Monitoring Program be continued 
with high priority to provide the relevant managers with essential 
information on the successor otherwise of the management initiatives to 
protect marine wildlife. 
 
 
Outcomes/Objectives 
 
Objective 1: To provide an essential component of the scientific basis of the 
National Approach to Sustainable and Segal Indigenous Harvest of Dugongs 
in Australia, the development of Traditional Use Marine Resource 
Agreements in the southern Great Barrier Reef region and the 2006 review 
of the Inshore Finfish Fishery including the evaluation of Dugong Protection 
Areas by conducting an aerial survey using the standard techniques 
developed and refined since the mid 1980s across the area between 
Cooktown and the Queensland New South Wales border.  
 
This objective has been achieved in full and has been effective resulting in 
advice to the GBRMPA Senior Management Team which has briefed the 
Minister for Environment and Heritage on the implications of the results. We 
understand that the recommendations will be considered by the 
Conservation, Heritage and Indigenous Partnerships Reef Advisory 
Committee of GBRMPA and Marsh has been asked to brief the Committee 
(of which she is a member) at each meeting of August 31 2006.  
 
Objective 2: To communicate the results of the survey to Traditional 
Owners and stakeholders in the survey region via a series of workshops in 
communities along the urban coast of Queensland. 
 
This objective has only been partially achieved to date but should be fully 
achieved by mid September 2006 as detailed below. The delay has been 
caused by: 
 
1. The logistical difficulty of conducting the workshops during the survey 
as planned because one of the three aircraft we hired became 
unavailable at the last minute. This logistical constraint greatly 
reduced the flexibility of the survey dates. As a result we were unable 
to conduct the workshops during the survey because despite 
numerous attempts, we were unable to identify dates which were 
mutually convenient to the survey teams and the relevant Traditional 
Owners. 
2. The request from GBRMPA Executive Director Jon Tanzer to delay 
briefing the Traditional Owners in May 2006 as planned until the 
GBRMPA Senior Management Team and the Minister for 
Environment and Heritage had been briefed.  
3. The prior commitments in June –July 2006 of Traditional Owners and 
Professor Helene Marsh and the consequential difficulties of 
identifying mutually convenient dates for the workshops.. 
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Appropriateness of the approaches used in the development and 
implementation of the Project 
 
Aerial Survey 
The approach used for the aerial survey was very successful. With input from 
statisticians and a stakeholder workshop in 2004, we rationalized the design of 
the 2005 aerial survey by: (1) plotting the dugong sightings obtained from all 
previous surveys on a common GIS database, and by (2) using the following 
rules: 
1. Offshore transects were truncated if they extended out to areas where no 
dugongs were sighted on previous surveys. 
2. The survey design was modified in areas without management initiatives 
to protect dugongs and with records of persistently low dugong 
abundance.  
Only one dugong was sighted in the areas of persistently low dugong 
abundance surveyed using the low intensity zig-zag transects across the 
depth gradient. It was therefore not necessary to revert to the former more 
intensive survey design for these areas. 
 
Workshops 
In retrospective, it was probably unrealistic to timetable the workshops during 
the survey – the logistical constraints were too great. It has also proved difficult 
to identify dates for the workshops which are mutually convenient to Marsh and 
the Traditional Owners. The GBRMPA Community Partnerships Group is now 
facilitating the workshops, assistance which is proving invaluable. However, 
Executive Director of GBRMPA was not prepared to support this arrangement 
until after the Minister had been briefed. 
 
.  
Transferability of the research 
 
As outlined above, we recommend that a plan be developed and co-ordinated 
across-jurisdictions to monitor the status of dugongs throughout their range in 
Australia using the revised aerial survey design and methodology used in this 
project which should become the standard for dugong aerial surveys in 
Australia. This resultant information on dugong distribution abundance and 
population trends could inform the development of a series of cross-
jurisdictional management plans as outlined below. 
 
In addition, we suggest that clear objectives for dugong management be 
developed at ecologically relevant spatial scales around the dugong’s range in 
Australia perhaps thought the development of cross-jurisdictional management 
plans at ecologically relevant scales. e.g. urban cost of Queensland, Cape York 
coast of the Great Barrier Reef World Heritage Area, Torres Strait, Gulf of 
Carpentaria, northern coast of the Northern Territory, Kimberley Coast of 
Western Australia, Shark Bay –Ningaloo Coast of Western Australia. Each of 
these plans should address the imperative to co-ordinate dugong management 
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at ecologically and culturally relevant scales to inform policy such as the 
‘Sustainable harvest of marine turtles and dugongs in Australia - A national 
partnership approach 2005’. 
 
Project Milestones: 
 
Milestone 
 
Date Due Completion 
Date 
Comments 
Appointment of part-time project officer to 
organise survey 
31/12/05 31/12/05  
Training of observers for main survey.  31/12/05 31/12/05  
Progress Report 1 provided to and accepted 
by the Department by 31 December 2005 
31/12/05 31/12/05  
Progress Report 2 provided to and accepted 
by the Department by 31 March 2006 
31/03/06 31/03/06  
Completion of survey and community 
workshops 
31/12/05 31/12/05 Survey completed; 
community 
workshops in 
progress following 
delay requested by 
GBRMPA Senior 
Management  
Data analysis, report writing & education 
evenings completed. 
31/03/06 31/03/06 Data analysis, 
report writing 
complete, 
education 
evenings not yet 
completed but 
planned see below 
Final paper for publication submitted 30/06/06 28/07/06 Date changed by 
Department to 
28/07/06 
Final Report provided to and accepted by the 
Department by 30 June 2006  
28/07/06 28/07/06 Date changed by 
Department to 
28/07/06 
 
 
Communication / demonstration activities 
 
1. Workshops with traditional owners and other stakeholders in various 
towns between Cooktown and Moreton Bay during survey. 
 
Despite attempts, these workshops were not completed because of the 
logistical constraints outlined above. 
 
2. Education evenings traditional owners and other stakeholders in various 
towns between Cooktown and Moreton Bay. 
 
Progress in arranging briefings Traditional Owner and others regarding the 
results of the dugong aerial survey is outlined below.  
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Activity Date Status 
Presentation to GBRMPA 
Senior Management Team 
May 8 2006 Completed 
Presentation to Board 
Executive of TSRA 
July 7 2006 Partially completed. 
Presentation focused on 
MTSRF projects at last minute 
request of Board Executive  
Presentation to community at 
Dunwich North Stradbroke 
Island including 
Qunadamooka Traditional 
Owners 
June 28 2006 Completed 
Presentation to Butchella 
Traditional Owners in Hervey 
Bay  
June 21 2006 Cancelled at last minute by 
Traditional Owners to be 
rescheduled 
Townsville; presentation to 
Forging Partnerships 
workshop attended by 
traditional owners from Torres 
Strait and Hope Vale  
July 27 2006 Completed 
Townsville; presentation to 
Conservation, Heritage and 
Indigenous partnerships Reef 
Advisory Committee 
Scheduled August 31 2006  
Ma:Mu (Innisfail) 
 
Scheduled 10 August 2006  
Girringun (Cardwell) Contacted date not yet 
confirmed- possibly on August 
31 in Townville 
 
Townsville Burdekin Dry Tropics NRM 
have been asked to assist 
and are exploring options.  
 
Mackay & Whitsunday 
 
Tentatively scheduled for 
Monday 28 August 2006 
 
Durhambul (Rockhamption) 
 
Tentatively scheduled for 
September 11 to 14 
 
Bailai (Gladstone) Tentatively scheduled for 6-8 
September 2006 
 
 
 
Products and Publications 
 
Products and publications generated from this Project.  
 
Publication submitted to journal Animal Conservation. 
 
Marsh, H., Lawler, I.R. Hodgson, A. and Grech, A. in review. Is dugong 
management in the coastal waters of urban Queensland effective species 
conservation? Animal Conservation. 
 
The aerial survey results have also been incorporated into two additional 
publications which are in review: 
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Grech A, and Marsh H. in review a. Can large, comprehensive and 
representative multiple-use MPA protect a mobile marine mammal? 
Conservation Biology. 
 
Grech A, and Marsh H. in review b. Prioritising areas for dugong conservation in 
a marine protected area using a spatially explicit population model. 
Applied GIS. 
 
Electronic versions of all materials which were direct products of this Project. 
 
1. An electronic version of the journal article prepared from this project for 
submission to Animal Conservation is at Attachment 1. 
 
2. Electronic version of maps showing the GPS tracks of transects flown during 
the aerial survey in November 2005 illustrating the positions and sizes of the 
dugong groups sighted and the transect numbers are at Appendix Figures 1-9. 
 
3. Electronic version of the tables of raw data and supplementary material are at 
Appendix Tables 1-6. 
 
4. Electronic versions of the briefings to GBRMPA and the Quandamooka 
people of Moreton Bay on the outcomes of the project is also provided on CD.
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Attachment 1. 
Paper prepared for submission to journal Animal Conservation plus references 
to the appendices provided to this report as Attachment 2 
 
Is dugong management in the coastal waters of urban Queensland 
effective species conservation? 
Helene Marsh, Ivan Lawler, Amanda Hodgson, and Alana Grech 
School of Tropical Environment Studies and Geography, James Cook 
University, Douglas, Townsville, 4811 and CRCs Reef and Torres Strait  
P.O.Box 772 Townsville 4801, Australia 
 
ABSTRACT 
The dugong, Dugong dugon, is listed as vulnerable to extinction in Queensland, 
Australia.  Triggered by the anecdotal and scientific evidence of dugong decline 
along the urban coast of Queensland between 15o 30’S and 28 o S, generic 
conservation concerns and their statutory responsibilities, management 
agencies are attempting to address human impacts on dugongs through 
initiatives including banning the dugong oil industry in the 1960s; marine park 
zoning; controls on fisheries, shark netting, vessel movements and speeds; 
phasing out the use of high explosives in the Great Barrier Reef region; 
partnerships with Traditional Owners at culturally-relevant scales to manage 
Indigenous hunting; and initiatives to improve water quality. The conservation 
outcomes of these initiatives for dugongs have been monitored by aerial 
surveys of dugong distribution and abundance in various parts of the region 
since the mid 1980s. In this context, the results of the first survey of the whole 
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region in November 2005, suggest that dugong numbers are now stable at the 
scale of the entire urban coast although populations fluctuate at the level of 
individual bays, probably largely due to natural changes in seagrass habitats.  
However, it is impossible to evaluate the cumulative success of the 
management initiatives because policy is silent on whether population 
maintenance or recovery is the objective of dugong management. The results of 
the surveys indicate that it will be important to: (1) develop cross-jurisdictional 
objectives for the management of dugongs at the scale of the entire region, and 
(2) co-ordinate management at both culturally and ecologically relevant scales. 
 
INTRODUCTION 
In its ‘Programme of Work for Protected Areas’, the Convention on Biological 
Diversity, calls on Parties to ‘develop and adopt appropriate methods, standards, 
criteria, and indicators for evaluating management effectiveness and 
governance by 2008, and to assess at least 30% of their protected areas by 
2010’ (Convention of Biological Diversity 2004). Attention is increasingly being 
focussed on measuring the effectiveness of the management of protected areas 
(e.g. Hockings et al. (2000), including marine protected areas (MPAs). For 
example,   ‘Ensuring Effective Management’ was a theme at the First 
International Marine Protected Areas Congress (IMPAC1 2005) in October 2005 
and a recent edition of the journal MPA News featured ‘Measurement of 
Management Effectiveness - The Next Major Stage in MPAs?’ (MPA News 
2006a). Some initiatives assess Marine Management Areas rather than Marine 
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Protected Areas per se in order to include a wider breadth of sites and to avoid 
the political implications of  ‘marine protected areas’ (MPA News 2006b). 
  
We define the urban coast of Queensland Australia as the coast from Cooktown 
(15 o 29’S, 145 o 15’E) to the Queensland – NSW border (28o 10’S; 145 44’E)  
(Figure 1). Over the last 30 years or so, the coastal waters of this region have 
been increasingly protected by the progressive establishment and upgrading of 
an extensive system of large scale multiple use MPAs including part of the 
Cairns Section and the Southern and Central Sections of the Great Barrier Reef 
Marine Park (e.g., Fernandes et al. 2005), the associated sections of the Great 
Barrier Reef Coast Marine Park (EPA 2006 a), the Great Sandy Marine Park 
(incorporating Hervey Bay; EPA 2006b) and the Moreton Bay Marine Park (EPA 
2006c),  plus other measures such as fisheries management plans developed 
by the Queensland Government and initiatives to mange Indigenous hunting 
(Marsh  1996, Havemann et al. 2005). 
 
The urban cost of Queensland supports globally significant populations of the 
dugong, Dugong dugon, a coastal marine mammal that feeds mainly on 
seagrasses (Marsh et al. 2002).  The significance of the Great Barrier Reef 
Region for dugongs was a reason for its World Heritage listing (GBRMPA 1981) 
and the status and trends in the distribution and abundance of dugongs is a 
critical information need for the management of the World Heritage Area 
(GBRMPA 2005). Dugong conservation has also been a priority in Hervey Bay 
(Marsh 2000) and Moreton Bay (Chilvers et al. 2005).  
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IUCN, the World Conservation Union, and the Queensland Nature Conservation 
Act 1992, both list the dugong as vulnerable to extinction (IUCN 2006). Both 
anecdotal information and an analysis of changes in the catch per unit effort of 
dugong bycatch in a government shark control program (Marsh et al. 2005) 
indicate that: (1) the urban coast of Queensland supported far fewer dugongs in 
the mid 1990s than in the 1960s, the first date for which any reliable indices of 
dugong abundance are available for this region, and (2) the decline largely 
occurred before the aerial surveys for dugongs reported here were established 
in the mid 1980s.. 
 
The relative importance of the various causes of the long-term decline in 
dugong numbers along the urban coast of Queensland cannot be quantified and 
probably varies in both space and time (Marsh et al. 1996). The likely causes 
include the commercial dugong oil industry, traditional hunting, poaching, 
incidental drowning in commercial gill nets as well as the shark nets set for 
bather protection, vessel strike, and habitat loss (Marsh et al. 1996). Triggered 
by the overall evidence of dugong decline, their statutory responsibilities and 
more generic conservation concerns, the relevant management agencies are 
attempting to address all known human impacts on dugongs by a 
comprehensive series of management interventions as detailed in Marsh (2000), 
Chilvers et al.( 2005) and Marsh et al. (2002 and 2005). These initiatives 
include generic initiatives to protect the marine environment such as the 
establishment and rezoning of the MPAs listed above and interventions to 
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improve water quality the GBR region and Moreton Bay (Schaffelke  et al. 2001; 
GBRMPA 2006, Moreton Bay Waterways and Catchments Partnership 2006). 
In addition, as detailed by Marsh et al. (2005),  there have been a series of 
more dugong-relevant initiatives including: (1) banning the commercial dugong 
oil  industry in the 1960s;  (2) partnerships between management agency staff 
and  Traditional Owners to develop a mutually acceptable, legal framework for 
sustainable dugong hunting at culturally-relevant scales (Marsh 1996, 
Havemann et al. 2005; Anon 2005); (3) the replacement of shark nets by drum 
lines at most locations after reviews of the Shark Control Program (Anon 1992); 
(4) the establishment of Dugong Protection Areas in the Great Barrier Reef 
Region and Hervey Bay in 1997 (Marsh 2000),  (5) voluntary vessel lanes 
and/or speed restrictions to protect dugongs from vessel strikes in several major 
dugong habitats (Marsh et al. 2002); (6) a review of the use of the herbicide 
diuron, which has been detected in both dugong tissues and the sediments 
associated with seagrass beds (Haynes et al. 2000) ; (7) a marine wildlife 
carcass salvage program (e.g. Greenland  and Limpus 2005); and (8) a dugong 
research strategy which includes a dugong monitoring program based on aerial 
surveys (Oliver and Berkelmans 1999; Hodgson in press). 
 
Marsh et al. (2005) point out that determining how these initiatives might 
individually or collectively contribute to measurable changes in trends in dugong 
abundance is challenging  for several reasons including:  (1) the lack of 
understanding of the spatial boundaries to dugong populations; (2) the lack of 
quantitative understanding of the relative importance of and spatial variation in 
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the historical causes of dugong decline;  (3) the fact that the initiatives 
described above have been implemented using the Precautionary Principle 
rather than as part of a controlled experiment in adaptive management sensu 
Walters (1997); and (4) the difficulty in detecting trends in population size in a 
timeframe relevant to management agencies  (Gerrodette 1987, Marsh 1995). 
Nonetheless, if these management interventions are effective, we would expect 
the dugong population decline that occurred from the early 1960s (Marsh et al. 
2005) to be halted or reversed. However, policy is silent on which of these 
outcomes is the objective of dugong management in the region e.g. the Great 
Barrier Reef World Heritage Area 25 Year Strategic Plan (GBRMPA 1994).  
 
In this paper, we analyze the results of the first comprehensive aerial survey for 
dugongs across the entire region of the urban coast of Queensland in the 
context of the various aerial surveys conducted in parts of the region since 1986 
using a standardized methodology. The latest survey was conducted in 
November 2005 using three aircraft to minimize the risk of the survey results 
being confounded by dugongs moving within the survey region during the 
survey. The objective of the survey was to measure the effectiveness of dugong 
management in the region and to inform policy such as the ‘Sustainable harvest 
of marine turtles and dugongs in Australia - A national partnership approach 
2005’ (Anon 2005), the development of the East Coast Inshore Finfish Fisheries 
Management Plan (CRC Reef Research Centre 2005) and reviews of the 
various other management arrangements. 
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METHODS 
Survey methodology 
Surveys prior to 2005 
All surveys used the aerial survey technique detailed in Marsh and Sinclair 
(1989). Various parts of the eastern coast of Queensland between the 
Queensland-NSW border and Cooktown were surveyed in different years as 
funding permitted using a standardized design as follows:  
Moreton Bay: 1988 (Marsh and Saalfeld 1990a);1995 (Lanyon 2003); 2000 and 
2001 (Lawler 2001).  
Hervey Bay: 1988, 1992, 1993, (Marsh and Saalfeld 1990a, Preen and Marsh 
1995); 1994 (Marsh et al. 1996), 1999 (Marsh and Lawler 2001); 2001 (Lawler 
2001). 
Central and Southern Sections of the Great Barrier Reef Marine Park: 1986/87 
(Marsh and Saalfeld 1990b); 1992 (Marsh et al. 1994), 1994 (Marsh et al. 
1996); 1999 (Marsh and Lawler 2001).  
Cairns Section  of the Great  Barrier Reef Marine Park south of Cooktown: 1987 
Marsh and Saalfeld (1990b); 1999 Marsh and Lawler (2001); 2000 (Marsh and 
Lawler (2002). 
 
To minimize any seasonal effects, these surveys were conducted in November -
December except for: (1) the 1988 Moreton Bay and Hervey Bay surveys which 
were conducted in August (Marsh and Saalfeld 1990a); and the 2001 aerial 
survey of Moreton Bay and Hervey Bay which was conducted in April (Lawler 
2001). Lanyon’s (2003) surveys of Moreton Bay were conducted on a bi-
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monthly basis throughout 1995. We have used the results of her December 
1995 survey to facilitate temporal comparisons.  
2005 Survey 
With input from statisticians and a stakeholder workshop in 2004 (Stokes 2004), 
we rationalized the design of the 2005 aerial survey by: (1) plotting the dugong 
sightings obtained from all previous surveys on a common GIS database, and 
by (2) using the following rules: 
3. Offshore transects were truncated if they extended out to areas where no 
dugongs were sighted on previous surveys. 
4. The survey design was modified in areas without management initiatives 
to protect dugongs and with records of persistently low dugong 
abundance (see Figure 1 for an example).  
Funding was obtained to allow for adaptive sampling i.e. to enable reversion to 
the former higher density survey design if significant numbers of dugongs were 
encountered during the areas surveyed using the modified survey design. 
 
This rationalisation and the use of three aerial survey teams and two aircraft 
operating concurrently enabled us to survey the entire region from the NSW- 
Queensland border (28o 10’S; 145 44’E) to Cooktown (15 o 29’S, 145 o 15’E)  in 
November 2005 as illustrated in Figure 1 and Appendix Figures 1-8. In addition, 
we surveyed a reference block in Torres Strait (see Figure 1 and Appendix 
Figure 9) to provide a context for the survey in the light of the satellite tracking 
(Sheppard et al. 2006) and aerial survey evidence (Gales et al. 2004; Marsh et 
al. 2004) of large-scale dugong movements at scales of hundreds of kilometers. 
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The Torres Strait reference block had previously been surveyed in November- 
December 1987, 1991, 1996, 2001 (see Marsh et al. 1997, 2004). 
The total area surveyed in 2005 was 37163 km2 along the east coast of 
Queensland and 4238 km2 in Torres Strait  The sampling intensity in the survey 
bocks surveyed using transects perpendicular to the coast ranged from 
approximately 11% in Block H3 to 50% in Block M4 (see Figure 1 and Appendix 
Table 1). The sampling intensity in the areas with records of persistently low 
dugong abundance (see Figure 1 and Appendix Table 1) ranged from 1.5% 
(Block C9) to 7.4% (Block H6). 
Estimating the size of the dugong population 
Estimates of dugong abundance were obtained using two methods: (1) Marsh 
and Sinclair (1989), which provides standardized relative estimates of dugong 
abundance (all surveys); and  (2 ) Pollock et al. (2006), which provides an 
absolute estimate of dugong abundance on which to base the estimate of the 
total sustainable anthropogenic mortality from all causes (2005 survey only). 
 
Both methods corrected for the following survey biases: availability bias 
(animals not available to observers because of water turbidity), and perception 
bias (animals visible in the survey transect but missed by observers; Marsh and 
Sinclair 1989)). The population estimates obtained using the method of Pollock 
et al. (2006) should be more accurate than the estimates obtained using the 
methods of Marsh and Sinclair (1989) because the corrections for availability 
bias are based on empirical data obtained from: (1) experiments to determine 
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zones of detectability for dugongs over a range of depths, turbidities and sea 
states using fibreglass models of dugongs as ‘secchi disks’, and (2) dive profiles 
obtained from time depth recorders on 15 wild dugongs, enabling the probability 
of a dugong being available to be estimated for different depths, water 
turbidities, and sea states (Pollock et al. 2006).   
 
Dugong abundance was estimated separately for each block surveyed using 
transects perpendicular to the coast using the Ratio Method (Jolly, 1969; 
Caughley and Grigg, 1981). Input data were the corrected number of dugongs 
(in groups of <10 animals) for each side of the aircraft per transect. The 
standard error estimates incorporated the errors associated with all the 
correction factors described above. Any dugongs in groups of >10 were added 
to the estimates of population size and density as outlined in Norton-Griffiths 
(1978). All population estimates are given + standard error. 
 
Statistical analysis 
Differences in dugong density among survey years for the blocks surveyed 
using the same design over time were examined by analysis of variance using 
the data generated by the method of Marsh and Sinclair (1989). Blocks and 
years were treated as fixed effects, transects within blocks as a random effect. 
Mixed-effects models were employed using SPSS to estimate the random 
components of variance for this analysis and to provide appropriate tests for 
differences between years, blocks and the block-year interaction. The 
parameters of these models were estimated by restricted maximum likelihood 
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(REML). Dugong density in each transect within blocks for each survey was the 
response. The data were log transformed (i.e., ln (y + 0.1)) to ensure a constant 
mean-variance relationship.  Beaufort Sea State was included as a single 
degree of freedom covariate in the analysis to account for the effect of sea state 
on dugong availability. The term estimating the linear association of Beaufort 
Sea State with density was conditional on the other terms in the model. The 
Satterthwaite approximation was used to determine the appropriate degrees of 
freedom for each test. When the analyses showed that the differences between 
years was significant, a posteriori Least Significance Tests were used to explore 
these differences by testing the dugong density in the area of interest for each 
survey against the corresponding density for every other survey in the time 
series for which comparable data were available. 
 
Estimating the size of sustainable human-induced dugong mortality from 
all causes 
Previous surveys of the whole Southern Great Barrier Reef region have shown 
that on average 77% of the dugongs were found in the areas covered by our 
rationalized design  (see Appendix Table 6a).  As the Pollock et al. (2006) 
method allows us to estimate absolute population size, we have: (1) assumed 
that the total population for this region should be divided by 0.77 and (2) used 
the uncorrected population estimates generated by the method of Pollock et al. 
(2006) for  Hervey Bay and Moreton Bay. 
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The Potential Biological Removal (PBR) is defined as the maximum number of 
animals, not including natural mortalities, that may be removed from a marine 
mammal stock while allowing that stock to reach or maintain its optimum 
sustainable population, which is defined as a population level between carrying 
capacity and the population size at maximum net productivity. Thus the specific 
goal of the PBR is to allow each stock to reach or maintain a level at or above 
the maximum net productivity level (MNPL) (Wade 1998). The PBR was 
calculated using the following formula: 
 
PBR= Nmin x 0.5 Rmax x RF (Wade 1998) 
 
The minimum population estimate of the stock Nmin is defined as the 20th 
percentile of a log-normal distribution based on an absolute estimate of the 
number of animals N in that stock.  
 
Rmax is the maximum rate of increase and 0.5 Rmax is a conservative surrogate 
for RMNPL because 1/2  Rmax will always be < RMNPL if MNPL is >  carrying 
capacity (Wade 1998). The estimates of Rmax are based on empirical estimates 
of age of first reproduction and fecundity obtained by Boyd et al. (1999) and 
Kwan (2002) and a pattern of natural mortality based on that obtained from 
longitudinal studies of manatees (Eberhardt and O'Shea, 1995; Langtimm, et 
al., 1998). In view of the uncertainty associated with these estimates, we used a 
range of estimates for Rmax (0.01, 0.03, 0.05). 
 
 21 
A recovery factor (RF) of < 1 allocates a proportion of expected net production 
towards population growth and compensates for uncertainties that might 
prevent population recovery, such as biases in the estimation of Nmin, and Rmax 
or errors in the determination of stock structure. The value of the recovery factor 
depends on the conservation goal. We used recovery factors of 0.1 (because of 
the evidence that the population is severely depleted, Marsh et al. 2005),  0.5 
(the default value, Wade 1998) and 1. 
 
RESULTS 
The 2005 survey was conducted in good to excellent weather conditions 
comparable to conditions encountered in previous surveys as summarized in 
Appendix Tables 2a, 2b and detailed in Appendix Table 3.   
 
Aerial survey estimates of dugong density and population size for blocks 
surveyed over the time series 
The raw data for sightings of dugong groups for each transect in each block 
surveyed in 2005 used to estimate population size are detailed in Appendix 
Table 4 and Appendix Figures 1-9. Appendix Table 5 details the group size 
estimates and correction factors used to generate the dugong population 
estimates for the various regions in 2005 using the method of Marsh and 
Sinclair (1989). 
 
Moreton Bay 
Using the method of Marsh and Sinclair (1989), the estimated size of the 
dugong population in 2005 (Figure 2a) was 454 +41 which was very similar to 
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the corresponding  estimates for the same blocks and transects in 1988 (442 + 
69; Marsh and Saalfeld1990a) and November 2001 (493 + 45,  Lawler 2001) 
but much lower than the corresponding estimate (968 +44) derived by Lanyon 
(2003) in December 1995 (Figure 2a) and higher than the estimates of Lawler 
(2001)  in 2000-1 ( 344 + 88, December 2000; and 366 +41, April 2001) (see 
also Appendix Tables 6 b and c for details).  
 
There was a significant difference between the years for which raw data were 
available (2000, April and November 2001 and 2005) in the estimates of 
dugong density in the survey blocks (Table 1) flown on each of these surveys. 
However, no individual pair-wise comparison was significant (all P>0.1) a result 
of the relatively weak power of such tests. The year*block interaction was also 
not significant suggesting that the spatial differences between blocks were 
robust over time (Table 1). The random variance component corresponding to 
the among transect within block variation is much larger than the corresponding 
value for the variance among transects within blocks among years (error) 
suggesting that the use of habitat within blocks by dugongs is also relatively 
constant over time (Table 1). 
 
Hervey Bay 
Using the method of Marsh and Sinclair (1989), the estimated size of the 
dugong population in 2005 was 2547 + 410 compared with 2175  + 419 in 1988, 
1088 + 382 in 1992, 524 + 124 in 1993, 695  +140 in 1994, 1653  +248 in 2001 
(Figure 2b) see also Appendix Tables 6 b and c for details). This result suggests 
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that the dugong population in Hervey Bay has recovered from the loss of 1000 
km2 of seagrass habitat in 1992 (Preen and Marsh 1995).  
 
Surprisingly, the differences between years for which the raw data are available 
for Hervey Bay (1994, 1999, April 2001, November 2001 and 2005) in the 
estimates of dugong density were not significant (Table 1) indicating the 
relatively weak power of surveys to detect trends unless they are very large 
(Gerrodette 1987). However, when the analysis was repeated at the scale of the 
Southern GBR and Hervey Bay combined for 1994, 1999 and 2005, the 
difference between years was significant (Table 1)  and pair-wise comparisons 
indicated that the density for the whole region in 1994 was lower than that for 
1999 and 2005 which were not significantly different from each other (P=0.088). 
 
The year*block interaction for the Hervey Bay analysis was also not significant 
(P= 0.079) but Figure 3 suggests some temporal variation in the spatial 
differences between blocks, especially Block 2, a region severely affected by 
the seagrass dieback following the floods and cyclone in 1992 (Preen et al. 
1995). The random variance component corresponding to the among transect 
within block variation among years (error) for Hervey Bay alone is much larger 
than the corresponding value for the variance among transects within blocks 
suggesting that, unlike the situation in Moreton Bay, dugongs also make 
substantial small-scale movements within blocks in Hervey Bay over time 
(Table 1). 
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Central and Southern GBR regions 
Using the method of Marsh and Sinclair (1989), the estimated size of the 
dugong population in 2005 in the 11 GBR blocks and transects which had been 
surveyed in all years of the time series (Figure 1) was 2580 + 271 compared 
with  the corresponding  estimates for the same blocks and transects in  
1986/87 (2294  + 291), 1992 (1121 + 238), 1994 (1177 +203), and 1999 (2519 
+ 559) (Figure 2c; see also Appendix Table 6a for details).  
 
There was a significant difference between years (1986/87, 1992, 1994, 1999, 
2005) in the estimates of dugong density in these 11 survey blocks (Table 1). 
Pair-wise comparisons indicate that the density in 2005 was significantly 
(P<0.05) higher (than that for every year except 1999, where the difference 
approached significance (P=0.054). The year*block interaction was significant 
suggesting that these spatial differences vary with time, especially in Block C6 
(Upstart Bay) and Block C10 Hinchinbook (Table 1 and Figure 4). The random 
variance component corresponding to the among transect within block variation 
among years (error) is much larger than the corresponding value for the 
variance among transects within blocks suggesting that, as in Hervey Bay,  
dugongs also make substantial small-scale movements within blocks over time. 
 
Torres Strait Reference Block 
Using the method of Marsh and Sinclair (1989), the estimated size of the 
dugong population in 2005 in Blocks 2A (Figure 1) was 4251 + 819, compared 
with 6424  +1679 in 1987, 9313 +1798 in 1991, 10869 +1600 in 1996, and 3504 
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+ 403  in 2001 ( Figure 2d). The difference in dugong density between years 
was significant and the pair-wise comparisons indicted that the density in 2005 
was significantly lower than that for 1991 and 1996 (P<0.05) but not significantly 
different from the value for 1987 or 2001 (P>0.75).  
 
Aerial survey observations in areas of persistently low dugong abundance 
Only one dugong was sighted in the areas of persistently low dugong 
abundance surveyed using the low intensity zig-zag transects across the depth 
gradient (see Appendix Figures 1-8). It was therefore not necessary to revert to 
the former more intensive survey design for these areas. 
 
Comparison between methodologies 
All the population estimates for 2005 using the method of Pollock et al. (2006) 
were lower (80-95%) than the corresponding estimates using the older less 
accurate methodology of Marsh and Sinclair (1989; Table 2). 
 
Estimating a sustainable level of human-induced mortality for dugongs 
along the urban coast of Queensland 
The range of estimates for sustainable anthropogenic mortality (Potential 
Biological Removal) are summarized in Table 3 for the 2005 estimates of 
dugong population size calculated using the method of Pollock et al. (2006)  . 
The middle value for the estimated maximum rate of increase R max (=0.03) 
suggest that a total annual anthropogenic mortality of no more than seven 
dugongs would be required for population recovery if the recovery factor were 
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set at a conservative 0.1; whereas a total annual anthropogenic mortality of 34 
dugongs would allow recovery if the recovery factor was set at 0.5; 69 if the 
recovery factor was set at1. 
 
DISCUSSION 
Comparison of the results of the 2005 survey with the corresponding results 
from the previous surveys of various parts of the urban coast of Queensland 
since the 1980s (Figure 2a-c ) suggests that dugong numbers are now stable at 
the scale of the whole urban coast and over a time frame of two decades.  
Nonetheless, dugong populations fluctuate at the level of individual bays and 
over shorter time periods (Table 1 and Figures 2 - 4), probably largely due to 
natural changes in seagrass habitats.  For example, 1000 km2 of seagrass was 
lost from Hervey Bay following two floods and a cyclone in 1992 (Preen and 
Marsh 1995; Preen et al. 1995). Twenty-one months after the cyclone, the 
estimated size of dugong population was less than a quarter of the 
corresponding 1988 estimate (Preen and Marsh 1995) a result of both mortality 
and emigration.  Unprecedented numbers of dugong carcasses were recovered 
along the coast in the months following the cyclone and the aerial surveys of 
Moreton Bay (using a standardized technique different from that reported here) 
suggests that some dugongs successfully relocated from Hervey Bay to nearby 
areas (Preen and Marsh 1995). 
 
Comparison of the 2005  results with those from previous surveys of various 
parts of the urban coast (Table 1 and Figures 2-4) adds to the aerial survey 
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evidence of significant large-scale dugong movements in the following regions: 
(1) the urban coast (Marsh and Lawler 2001),  (2)  northern Great Barrier Reef 
(Marsh and Lawler (2002), (3) Western Australia (Gales et al. 2004, Holley et 
al. 2006) and (4) Torres Strait (Marsh et al.1997, 2004). Large-scale 
movements of individual dugongs have been confirmed by satellite tracking 
(Marsh and Rathbun 1990, Sheppard et al, 2006). While some dugong 
movements are explained by known changes in seagrass habitats (Preen and 
Marsh 1995, Gales et al. 2004), others are not. For example, we do not know 
what caused the decline in dugong numbers in the southern Great Barrier Reef 
region in the mid 1990s (Figure 2c), although undocumented changes to 
seagrass habitats cannot be ruled out as a stimulus to dugong movements. We 
also do not know how much of the change can be attributed to dugong mortality 
rather than emigration. However, the inverse changes in dugong numbers in 
Moreton Bay (Preen and Marsh 1995, Lanyon 2003 and a 2), and Torres Strait 
(Marsh et al. 2004 and Figure 2d) suggest that movement between regions is a 
plausible explanation for at least part of the change. This conclusion is 
consistent with the genetic evidence of limited dugong population structure 
along the Australian coast (McDonald 2005) and satellite tracking records of 
individual dugongs moving hundreds of kilometres in a few days (Marsh and 
Rathbun 1990, Sheppard et al. 2006).    
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Need for co-ordinated management at an ecologically-appropriate scale 
The genetic, satellite tracking and aerial survey evidence all indicates that for 
dugong management to be effective, initiatives must be co-ordinated across 
jurisdictions. Genetically-appropriate clear spatial boundaries for implementing 
co-ordinated dugong management within Australian waters have not been 
identified (and may not exist).   Nonetheless, the genetics and movement data 
both indicate that the appropriate ecological scale for management is some 
hundreds of kilometres (McDonald 2005; Sheppard et al, 2006).  In view of this 
uncertainty, we suggest that it may be appropriate to define the scale of dugong 
management in Queensland on the basis of the human impacts on dugongs 
and their habitats, differentiating dugong management of the urban coast 
between Cooktown and the Queensland-New South Wales border from that of 
the remoter areas off Cape York, in Torres Strait and in the Gulf of Carpentaria 
where the relative importance of the human impacts is different. This approach 
could be implemented by the Queensland Government and the Great Barrier 
Reef Marine Park Authority developing a single dugong management plan for 
the urban coast of Queensland. The Queensland Government conservation 
plan for the dugong (Anon 1999) is dated 1999-2004 making such an approach 
timely. 
 
The dugong management plan for the urban coast of Queensland should 
address all anthropogenic impacts on dugongs in the region in partnership with 
other management initiatives such as the ‘Sustainable harvest of marine turtles 
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and dugongs in Australia - A national partnership approach 2005’ (Anon 2005), 
the Traditional Use Marine Resource Agreements being developed between the 
Great Barrier Reef Marine Park Authority and groups of Traditional Owners 
(Havemann et al. 2005) and the East Coast Inshore Finfish Fishery 
Management Plan currently being developed by the Queensland Government.  
The greatest area of concern in the inshore fishery is bycatch of non-target 
animals such as dugongs in gill-nets set to catch fish such as barramundi and 
threadfin salmon (CRC Reef Research 2005).  Havemann et al. 2005) suggest 
superimposing a dugong management plan onto the local area-based approach 
of Traditional Use Resource Management Agreements to enable the 
management of Indigenous hunting of dugongs which is developed at the 
culturally-appropriate scales of the sea country of Traditional Owners to be co-
ordinated at an appropriate ecological scale. 
 
Is the current management of dugongs on the urban coast of Queensland 
effective species conservation? 
Our capacity to use the results of the time series of aerial surveys reported here 
to assess the effectiveness of dugong management along the urban 
Queensland coast is compromised by the lack of explicit objectives against 
which to assess the species conservation outcome. If the objective of the 
current management arrangements is dugong population maintenance then 
these arrangements appear successful; if the objective is population recovery 
they are not. The ecological objectives of dugong management should be 
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defined during the development of a dugong management plan for the urban 
coast of Queensland, along with the social and cultural objectives of the plan. 
 
Because of the difficulties in estimating trends in the population size of marine 
mammals such as the dugong, Wade (1998) developed the Potential Biological 
Removal (PBR) method of setting targets for sustainable levels of 
anthropogenic mortality. As explained above, a recovery factor of < 1 allocates 
a proportion of expected net production towards population growth and 
compensates for uncertainties and biases in the data that might prevent 
population recovery, including errors in estimating population size (which 
should be less for dugongs using the method of Pollock et al (2006) than the 
earlier method of Marsh and Sinclair (1989) (Table 2)). 
 
Given that the Great Barrier Reef Region is a World Heritage Area and that the 
dugong is explicitly listed as a World Heritage Value (GBRMPA 1981), some 
stakeholders will argue for a conservative recovery factor of 0.1 in a planning 
process. Others may argue for the default value of 0.5 or even a value of 1. We 
strongly advise against the last as it does not allow for uncertainty in the data. 
The resultant estimates of the PBR for urban coast of Queensland range from 2 
to 114 (Table 3,  illustrating the importance of stakeholder consensus about the 
appropriate level of the recovery factor.  
 
If the agreed recovery factor is 0.1, management should be implemented with 
the aim of achieving an anthropogenic mortality target of zero. This approach 
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would have the following consequences: (1) the Traditional Owners would have 
to be encouraged not to hunt dugongs as at present; (2) the inshore gill net 
fishery would probably be closed in all dugong habitats; and (3) measures to 
reduce vessel strike would have to be upgraded. If the agreed recovery factor 
were 0.5, the measures to minimize human-induced mortality of dugongs on the 
urban coast of Queensland would be less stringent but management priorities 
would need to be determined across the human impacts on dugongs.  
 
The Australian Law Reform Commission (1986) considered the tensions 
between conservation and traditional hunting and suggested the following 
principles in the following order of priority: (a) conservation and certain other 
identifiable overriding interests; (b) traditional hunting and fishing; (c) 
commercial and recreational hunting and fishing. The Law Reform Commission 
report was superseded by the Native Title Act 1993 (Cth), and has never been 
implemented. Nonetheless, we suggest that these priorities should be 
discussed by stakeholders in the process of developing a dugong management 
plan for the urban coast of Queensland. 
 
As discussed in Marsh et al. (2005), progress in achieving an agreed 
anthropogenic mortality target could be monitored through the Queensland 
Government carcass salvage program (e.g. Greenland and Limpus 2004). The 
following inadequacies would have to be acknowledged: (1) this program will 
inevitably fail to recover an unknown proportion of carcasses, (2) an unknown 
proportion of carcasses will result from natural mortalities, and (3) the cause of 
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death of a significant fraction of carcasses will be unable to be determined. An 
advantage of this approach is that the necropsy program potentially allows 
managers to evaluate their initiatives by tracking the relative importance of the 
various sources of mortality (assuming that the resultant carcasses are equally 
available). The major justification for aerial surveys at regular intervals (say 
every five years) would then be to update the sustainable anthropogenic 
mortality target using the PBR technique (Wade 1998). 
 
Grech and Marsh (in review a) applied a different approach to assess the 
effectiveness of the current dugong management regime in the GBR World 
Heritage Area only.  Using all the information from all the aerial surveys, 
including the November 2005 survey, Grech and Marsh (in review b) developed 
a spatially explicit dugong population model to prioritize conservation initiatives 
for dugongs in the GBR World Heritage Area.  They then used the resultant 
map of dugong conservation value of the Area as a spatial parameter to 
determine the potential effectiveness of the current management regime. With 
the assistance of a focus group, they ranked five anthropogenic activities with 
the potential to have an adverse impact on dugongs and their seagrass 
habitats:  netting, trawling, Indigenous hunting, vessel activity and terrestrial 
runoff.  Using a spatial risk assessment approach, Grech and Marsh (in review 
a) quantified the protection afforded to dugongs by the current management 
arrangements, and evaluated options for further protection.  They concluded 
that the present management arrangements gave a high level of protection to 
all of the high value dugong areas on the urban coast; 95% of the medium value 
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dugong areas and 42% of the low value areas.  However, they were unable to 
evaluate this result in the context of management effectiveness because of the 
lack of objectives for the arrangements to protect dugongs in the GBR World 
Heritage Area. Grech and Marsh (in review a) stressed the importance of cross-
jurisdictional multi-agency co-ordination to enable all dugong’s anthropogenic 
impacts to be addressed, reinforcing the findings of this paper. 
 
Implications for measuring the effectiveness of marine species 
conservation initiatives 
Our attempt to evaluate the effectiveness of the initiatives to conserve dugongs 
in the coastal waters along the urban coast of the Queensland has generic 
implications for the conservation and management of marine wildlife. Many 
iconic marine wildlife species cross jurisdictional boundaries. This tendency 
means that it is essential to co-ordinate management across jurisdictions and at 
both ecologically and culturally-relevant spatial scales. Finally in order to assess 
the success of management interventions, it is essential to work with 
stakeholders to determine clear management objectives.  This is a major 
challenge in World Heritage Areas such as the Great Barrier Reef where the 
imperative to conserve World Heritage Values should necessitate a statutory 
regime that is far more stringent than those of adjacent areas. 
 
Various authors including Dayton et al. (1998), Roman and Palumbi (2003) and 
Marsh et al. (2005) have commented on the difficulties associated with 
developing appropriate conservation and restoration goals for marine 
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ecosystems and species. The assessment of whether management actions are 
achieving their objectives ultimately requires the capacity to measure the 
effectiveness or otherwise of management actions against agreed and realistic 
targets. However, if the management objective is recovery, appropriate interim 
performance indictors could be: (1) population increase (rather than decline or 
maintenance), which may be an insensitive performance indicator because of 
the difficulty in detecting trends (Gerrodette 1987); or (2) an anthropogenic 
mortality target that is sufficiently conservative to ensure recovery using a 
modelling technique such as that developed by Wade (1998).  
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Figure 1. Maps showing the region surveyed during the aerial survey for dugongs conducted in November 2005. (a) 
The urban coast of Queensland, Australia (see inset a 1) showing the locations of the major cities and towns, the 
relevant Sections of the Great Barrier Reef Marine Park, and the locations of the major dugong habitats south of the 
Great Barrier Reef Region; (b) the locations of the survey blocks: the blocks surveyed using transects parallel to the 
coast (see inset b1 for an example) are black; those checked using zig zag transects across the depth gradient are 
stippled (see inset b1 for an example along the outside of Fraser Island). The Torres Strait Index Block is marked in 
inset b2. Details of the parallel transects flown are also provided in Marsh and Saalfeld (1990) and Marsh et al. 
(2004).
 46 
 
 
Figure 2. Graphs showing the time series of population estimates obtained from standardized aerial surveys of 
various parts of Queensland including the 2005 survey reported here. All estimates analysed using the techniques of 
Marsh and Sinclair (1989): (a) Moreton Bay (historical data from Marsh et al.(1990) Lanyon (2003 data for December 
2005); Lawyer (2001); (b) Hervey Bay (historical data from Marsh et al., (1990), Preen and Marsh (1995),  Marsh and 
Lawler (2000), Lawler (2001); (c) survey blocks in Southern and Central Sections of the Great Barrier Reef Marine 
Park surveyed in 2005 (historical data from Marsh and Saalfeld 1990; Marsh et al, 1996; Marsh and Lawler 2000); (d) 
Torres Strait Block 2A (historical data from Marsh et al. 1997, 2004). Note scale of y axis of (d) differs from y axes of 
(a), (b) and (c). 
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Figure 3. Estimated mean density (+ 95% confidence interval) for Hervey Bay Blocks 1-4  for survey years 1994, 
1999, April 2001, November 2001, 2005. The data for all surveys have been generated using the method of Marsh 
and Sinclair (1989). 
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Figure 4: Estimated mean density (+ 95% confidence interval)  for Blocks S3,S5, S8, C4, C6, C8, C10, and C11 in 
the Southern and Central Sections in the Great Barrier Reef Park in each survey year for the surveys conducted in  
1986/87, 1992, 1994, 1999 and 2005. The data for all surveys have been generated using the method of Marsh and 
Sinclair (1989).   
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Table 1. Result of five analyses of variance examining dugong density among surveys. The variance components  
were calculated from the mixed effects analyses. 
 
Source of variation Num. 
DF 
Denom. 
DF 
F Significance 
F 
Variance 
component 
Moreton Bay December 2000, April 2001, November 2001, 2005  
Block  6 52.24 29.814 0.000  
Among transect within block     2.115 
Year 4 157.09 3.583 0.015  
Block x Year 24 155.77 1.468 0.124  
Beaufort Sea State 1 207.849 4.072 0.045  
Residual (among transect within block 
variation among years) 
    0.153 
Hervey Bay 1994, 1999, April 2001, November 2001 and 2005 
Block  4 52.520 17.433 0.000  
Among transects within block     0.194 
Year 4 195.540 1.235 0.297  
Block x Year 15 194.590 1.591 0.079  
Beaufort Sea State 1 246.751 0.619 0.432  
Residual (among transect within block 
variation among years) 
    3.620 
Southern and Central Sections of GBR and Hervey Bay  November 1994, 1999 and 2005 
Block  15 177.216 12.423 0.000  
Among transects within block     0.547 
Year 2 349.993 15.988 0.000  
Block x Year 30 349.904 2.469 0.000  
Beaufort Sea State 1 535.364 2.101 0.148  
Residual (among transect within block 
variation among years) 
    2.521 
Southern and Central Sections of GBR  November 1986-1987, 1992, 1994, 1999 and 2005 
Block  10 132.044 10.466 0.000  
Among transects within block     0.460 
Year 4 528.165 7.973 0.000  
Block x Year 40 528.046 2.213 0.000  
Beaufort Sea State 1 648.732 8.148 0.004  
Residual (among transect within block 
variation among years) 
    2.706 
Reference Block (2A)Torres Strait November  -December 1987, 1991, 1996, 2000, 2005 
Year 4 42.877 5.299 0.001  
Beaufort 1 53.237 0.918 0.342  
Residual (among transect within block)     0.705 
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Table 2. Comparison of the population estimates (standard errors) for dugongs for various regions of the survey 
conducted in November 2005 obtained using the methods of Marsh and Sinclair (1989) and Pollock et al. (2006) 
Block Population estimate (SE) 
Marsh and Sinclair (1989) 
method  
Population  estimate (SE) 
Pollock et al. (2006) 
method  
Pollock estimate 
as % of Marsh and 
Sinclair estimate 
Moreton Bay  454 (41) 421 (60) 92.7 
Hervey Bay 2547 (410) 2077 (543) 81.5 
Southern and Central 
Sections GBR 
2580 (271) 2059 (413) 79.8 
Torres Strait Block 2A 4251 (819) 4042 (671) 95.1 
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Table 3. Estimates of the total sustainable anthropogenic mortality (Potential Biological Removal sensu Wade, 1998) 
for various components of the survey region on the urban coast of Queensland for a range of estimates of Rmax and 
assuming value for the Recovery Factor of 0.1 and 0.5. The values for the PBR are based on the population estimate 
derived using Pollock et al. (2006) because this method should provide more accurate population estimates than the 
Marsh and Sinclair (1989) method.  
 
Recovery 
Factor  
Population 
estimate 
(SE) 
 
SE C.V N min Potential Biological Removal 2 
     R max=0.01 R max=0.03 R 
max=0.05 
Moreton Bay 
0.1 421 60 0.142518 374 <1 1 1 
0.5   1 3 5 
1.0     2 6 9 
Hervey Bay 
0.1 2077 543 0.261435 1673 1 3 4 
0.5   4 13 21 
1.0     8 26 42 
Blocks surveyed Southern and Central Sections GBR  
0.1 2059 413  1742 1 3 4 
0.5         4 13 22 
1.0     8 26 44 
SGBR assuming survey blocks 771% of population1 
0.1 2674 536 0.200449 2262 1 3 6 
0.5   6 17 28 
1.0     12 34 57 
Urban coast of Qld assuming SGBR survey blocks 771% of population1 
0.1 5172 766 0.148105 4569 2 7 11 
0.5   11 34 57 
1.0     22 69 114 
1Average from data obtained from surveys conducted in 1986/7, 1992, 1994, 1999; 2 Rounded to nearest whole 
number 
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Attachment 2: Appendix figures showing the GPS tracks of transects flown in 
Blocks 1-8 in Moreton Bay during the aerial survey in November 2005 showing 
the positions and sizes of the dugong groups sighted and the transect numbers 
 
Appendix Figure 1. GPS tracks of transects flown in Blocks 1-8 in Moreton Bay during the aerial survey in 
November 2005 showing the positions and sizes of the dugong groups sighted and the transect numbers. 
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Appendix Figure 2. GPS tracks of transects flown in the Hervey Bay Blocks H1-H6 during the aerial survey in 
November 2005 showing the positions and sizes of the dugong groups sighted and the transect numbers. 
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 Appendix Figure 3. GPS tracks of transects flown in Blocks S1-3 in the Southern Section of the Great Barrier Reef 
Marine Park during the aerial survey in November 2005 showing the positions and sizes of the dugong groups 
sighted and the transect numbers. 
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Appendix Figure 4. GPS tracks of transects flown in Blocks S4-S5 in the Southern Section of the Great Barrier Reef 
Marine Park during the aerial survey in November 2005 showing the positions and sizes of the dugong groups 
sighted and the transect numbers. 
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Appendix Figure 5. GPS tracks of transects flown in Blocks S6B-S8 in the southern Section of the Great Barrier 
Reef Marine Park during the aerial survey in November 2005 showing the positions and sizes of the dugong groups 
sighted and the transect numbers. 
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Appendix Figure 6. GPS tracks of transects flown in Blocks C1-C8 in the Central Section of the Great Barrier Reef 
Marine Park during the aerial survey in November 2005 showing the positions and sizes of the dugong groups 
sighted and the transect numbers. 
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Appendix Figure 7. GPS tracks of transects flown in Blocks C9-C11 in the Central Section of the Great Barrier Reef 
Marine Park during the aerial survey in November 2005 showing the positions and sizes of the dugong groups 
sighted and the transect numbers. 
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Appendix Figure 8. GPS tracks of transects flown between Rockingham Bay and Cooktown during the aerial survey 
in November 2005 showing the positions and sizes of the dugong groups sighted and the transect numbers. 
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Appendix Figure 9. GPS tracks of transects flown in the Index Block 2A in Torres Strait during the aerial survey in 
November 2005 showing the positions and sizes of the dugong groups sighted and the transect numbers. 
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APPENDIX TABLES 
 
Appendix Table 1. Areas of survey blocks and sampling intensities fortthe aerial survey  
conducted in 2005. For locations of blocks see Figure 1.   
 
Block Area (km2) Sampling Intensity (%) 
Morton Bay 
M1 166 24.74 
M2 691 13.45 
M3 389 50.07 
M4 155 24.97 
M6 226 29.67 
Hervey Bay 
H1 517 25.31 
H2 1414 20.3 
H3 1235 11.18 
H4 1224 11.44 
H5 546 10.86 
Southern Section of Great Barrier Reef Marine Park 
S2 836 10.86 
S3 1021 21.12 
S5 1271 21.8 
S8 796 17.92 
Central Section of Great Barrier Reef Marine Park 
C1 371 18.23 
C3 1733 14.61 
C4 466 19.57 
C6 244 23.35 
C7 579 23.70 
C8 620 32.64 
C10 288 23.64 
C11 351 18.06 
Torres Strait  
2A 3808 10.75 
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Appendix Table 2a. Weather conditions encountered during the 2005 survey in comparison to the following previous surveys of the same areas. Historical data from Marsh and Saalfeld 
(1990); Marsh et al, (1996); Marsh and Lawler (2000). 
 
 
 SGBR Northern 
Sector 
Blocks C1-C11 
SGBR Whitsunday 
Sector 
BlocksS6-8 
SGBR Shoalwater Bay 
Sector 
BlockS 5 
SGBR Southern 
Sector 
Blocks  S1-4 
Southern GBR All sectors 
Year of 
survey 
2005 1999 2005 1999 2005 1999 2005 1999 2005 1994 1992 1986-87 
Wind 
speed 
(km.h-1) 
<30 <10 <10 <10 <10 <10 <10 <10 <10 <15 <37 <37 
Cloud 
cover 
(oktas) 
0-7 0-3 0-3 0-6 1-5 0-6 0-6 0-6 0-5 0-5 0-5 0-4 
Minimum 
cloud 
height 
1500 3000 700 2500 2000 2000 150 1500 1000 -
4000 
2000-
5000 
2500 300 
Beaufort 
sea state 
(range) 
1.67 (0-4) 1.45 (0-4) 1.59 (0-3) 1.55 (0-3) 0.83 (0-2) 1.87 (0-4) 1.66 (0-4) 1.95 (0-3) 1.48 (0-4) 1.87 (0-4) 1.0 (0-4) 1.0  
(0-3) 
Glare5 
North 
South 
Overall 
 
1.29 
1.31 
1.3 
 
0.67 
0.70 
0.69 
 
1.07 
1 
1.33 
 
1.10 
1.32 
1.21 
 
0.87 
0.96 
0.92 
 
0.53 
1.08 
0.80 
 
2.63 
2.63 
2.63 
 
1.76 
1.85 
1.80 
 
1.5 
1.5 
1.5 
 
1.44 
1.29 
1.36 
 
 
 
2 
 
 
 
2 
Visibility 
(km) 
>30 >20 >10 >20 >10 >20 >10 <10 >10 >15 N/A >20 
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Appendix Table 2b. Weather conditions encountered during the 2005 surveys of Moreton Bay, Hervey Bay and Block 2A in Torres Strait in comparison to the prior surveys of the same areas: 
historical data from Marsh and Saalfeld 1990; Marsh et al, 1996; Marsh and Lawler 2000, Marsh et al, 1997 and 2004. 
 
 
 
 Moreton Bay Hervey Bay Torres Strait 
Year of 
survey 
2005 1999 1988 2005 1999 1994 1993 1988 2005 2001 1996 1991 1987 
Wind 
speed 
(km.h-1) 
<10 <10 <10 <10 <10 <10 <20 <28 <10 <15 <10 <15 <15 
Cloud 
cover 
(oktas) 
0-6 0-3 0-8 1-7 0 1-3 1-4 1-6 0-3 0-7 0-7 0-5 1-8 
Minimum 
cloud 
height 
2000 3500 3500 2000 N/A 2000-
5000 
460-
1800 
610-
2400 
2500-
4000 
2000-
5000 
1000-
5000 
460-750 270-
4000 
Beaufort 
sea state 
(range) 
1.8 (1-4) 0.87 (0-
3) 
2 (0-4) 2.2 (1-3) 1.67 (0-
4) 
1.94 (1-
3) 
1.2 (0-3) 2.1 (0-4) 0.92 (0-
2.5) 
1.4 (0-3) 1.1 (0-3) 1.9 (0-4) 1.3 (0-4) 
Glare5 
North 
South 
Overall 
 
1.76 
1.23 
1.49 
 
1.42 
1.23 
1.32 
 
0-3 
0-3 
0-3 
 
 
1.44 
1.27 
1.35 
 
1.92 
1.86 
1.89 
 
0.92 
1.08 
 
1.4 
 
0.9 (0-3) 
 
0.79 (0-
2) 
1.59(0-3) 
 
0.9 (0-3) 
1.3 (0-3) 
 
 
 
1.7 (0-3) 
2.3 (0-3) 
 
1.4 (0-3) 
0.75 (0-
3) 
Visibility 
(km) 
>10 >20 N/A >10 >30 >20 N/A N/A >10 >20 >10 >20 N/A 
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Appendix Table 3. Beaufort sea state and glare for each transect of the 2005 aerial survey for dugongs. See Appendix Figures 1-9 for  
transect locations. 
 
 Beaufort     Glare1    
    North   South  
Moreton Bay 
Block MB1        
1051 2 2 2 2 3 3 1 3 2 
1052 1 1 1 1 2 1 1 2 1 
1053 1 2 1 1 1 1 0 3 1 
1054 1 1 1 1 4 1 1 2 2 
1055 1 2 2 1 2 1 0 3 2 
1056 1 1 1 1 1 1 0 2 0 
1057 1 2 1 1 1 1 0 3 1 
1058 1 1 1 1 1 1 1 1 1 
1059 1 2 2 0 3 2 1 2 1 
1060 1 1 1 1 1 1 0 0 0 
Block MB2          
1048 1 2 1 1 3 1 0 2 2 
1049 1 2 1 1 2 3 1 3 3 
1050 2 2 2 1 3 2 1 4 1 
1051 2 2 2 2 3 3 1 3 2 
1052 1 1 1 1 2 1 1 2 1 
1053 1 2 1 1 1 1 0 3 1 
1054 1 1 1 1 4 1 1 2 2 
1055 1 2 2 1 2 1 0 3 2 
1056 1 1 1 1 1 1 0 2 0 
1057 1 2 1 1 1 1 0 3 1 
1058 1 1 1 1 1 1 1 1 1 
1059 1 2 2 0 3 2 1 2 1 
1060 1 1 1 1 1 1 0 0 0 
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Block MB4 1 2 2 0 1 1 0 3 0 
1022 3 4 3 3 3 3 2 2 2 
1023 3 4 3 1 3 3 2 2 2 
1024 3 3 3 3 3 3 0 3 0 
1025 3 3 3 3 3 3 0 3 3 
1026    7 7 7    
1027 3 3 3 0 3 0 0 2 0 
1028 3 3 3 0 3 3 2 2 2 
1029 2 3 3 0 3 0 0 2 0 
1030 2 3 3 3 3 3 0 2 2 
1031 2 2 2 3 7 3 2 2 2 
1032 1 3 2 0 3 0 0 2 0 
1033 1 3 2 3 3 3 1 2 1 
1034 1 3 2 0 3 0 0 10 0 
1035 1 3 2 3 3 3 0 2 2 
1036 2 2 2 3 7 3 2 2 2 
1037 1 2 2 0 3 0 0 2 1 
1038 1 2 2 0 3 2 1 2 1 
1039 1 2 2 0 3 3 0 3 0 
1040 1 2 2 0 3 3 0 3 1 
1041 3 3 3 2 2 2 1 6 6 
1042 1 2 2 0 11 0 1 1 1 
1043 1 2 2 1 3 3 1 1 1 
1044 1 2 1 0 3 3 0 2 0 
1045 1 2 1 0 3 3 0 2 0 
1046 3 3.5 3 3 6 3 1 1 1 
1047 1 2 1 0 3 1 0 2 0 
1048 1 2 1 1 3 1 0 2 2 
1049 2 2 2 0 3 1 0 4 1 
1050 2 2 2 0 3 1 1 3 2 
1051 1 1 1 1 2 1 0 3 1 
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1052 1 2 1 0 1 1 0 3 1 
1053 1 1 1 0 4 0 0 2 1 
1054 1 2 2 0 2 1 0 3 0 
1055 1 1 1 1 1 1 0 2 0 
1056 1 2 1 0 1 1 0 8 1 
1057 1 1 1 0 1 0 0 1 0 
1058 1 2 2 0 5 1 0 2 1 
1059 1 1 1 0 1 0 0 0 0 
1060 1 2 2 0 1 1 0 6 1 
Block MB6          
1010 2 2 2 3 3 3 2 7 2 
1011 2 2 2 3 0 3 2 7 2 
1012 2 2 2 2 7 2 1 1 1 
1013 2 2 2 1 2 2 1 7 2 
1014 2 2 2 2 7 3 1 1 1 
1015 2 3 2 2 2 2 2 7 2 
1016 2 2 2 2 2 2 2 7 2 
1017 2 3 2 2 2 2 2 6 3 
1018 2 3 2 2 7 3 2 3 3 
1019 3 3 3 3 7 3 1 1 1 
1020 2 3 3 2 7 2 2 2 2 
1021 2 2 2 2 3 2 1 2 1 
Hervey Bay 
Block HB1          
1061 3 3 3 0 7 3 0 3 0 
1062 2 3 2 2 3 2 0 6 3 
1063 3 3 3 2 7 2 2 3 2 
1064 2 2 2 3 3 3 3 6 3 
1065 3 3 3 0 7 0 0 3 0 
1066 2 3 2 0 3 0 1 6 3 
1067 3 3 3 0 7 0 0 3 0 
1068 3 3 3 0 3 0 0 8 0 
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1069 3 3 3 0 7 0 0 3 0 
1070 3 3 3 0 3 3 0 5 2 
1071 2 3 2 0 3 0 0 7 0 
1072 2 3 3 0 7 0 0 3 0 
1073 2 2 2 0 3 2 0 6 0 
1074 2 2 2 0 7 0 0 2 0 
1075 2 2 2 0 7 0 0 2 0 
1076 2 2 2 3 3 3 0 6 1 
1077 1 1 1 0 7 0 1 1 1 
1078 1 1 1 3 3 3 0 6 0 
1079 2 2 2 0 7 3 0 0 0 
1080 2 2 2 0 2 0 0 6 0 
1081 2 2 2 0 6 0 2 3 2 
1082 2 2 2 3 3 3 0 6 3 
1084 2 2 2 0 3 3 0 7 0 
1085 2 2 2 0 7 0 2 3 2 
1086 2 2 2 3 3 3 0 7 1 
1087 2 2 2 0 6 0 0 6 0 
1088 2 2 2 0 3 0 0 6 0 
1089 1 1 1 0 6 0 0 2 0 
1090 2 3 2 0 3 0 0 6 0 
Block HB2          
1091 1 3 2 0 6 0 0 2 0 
1092 1 2 2 0 3 3 0 7 0 
1093 2 3 3 0 7 0 0 3 3 
1094 2 3 2 3 3 3 0 7 0 
1095 1 2 2 0 12 0 0 3 0 
1096 1 2 2 0 3 3 0 7 0 
1097 1 2 1 0 7 1 0 3 0 
1098 1 2 2 0 3 0 0 6 1 
1099 1 2 2 0 6 0 0 7 1 
1100 1 2 2 0 6 1 0 3 0 
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1101 1 2 2 0 3 0 0 6 1 
Block HB3          
1103 1 2 2 0 3 0 0 21 1 
1104 1 3 1 0 7 1 0 3 3 
1105 1 3 3 2 3 3 2 3 3 
1106 2 3 3 3 5 3 3 3 3 
1107 3 3 3 3 3 3 3 3 3 
1108 2 3 3 3 3 3 3 3 3 
1109 2 3 2 3 3 3 3 3 3 
1110 2 3 2 3 3 3 3 3 3 
Block HB4          
1103 1 2 2 0 3 0 0 21 1 
1104 1 3 1 0 7 1 0 3 3 
1105 1 3 3 2 3 3 2 3 3 
1106 2 3 3 3 5 3 3 3 3 
1107 3 3 3 3 3 3 3 3 3 
1108 2 3 3 3 3 3 3 3 3 
1109 2 3 2 3 3 3 3 3 3 
Southern Section GBR 
Block S3 Min     Max Mode Min Max Mode Min Max Mode 
1116 1 1 1 1 3 1 2 4 2 
1117 1 1 1 3 4 3 1 3 2 
1118    3 4 3 3 3 3 
1119 0 1 1 2 2 2 2 3 2 
1120 0 0 0 2 2 2 2 5 3 
1121 0 1 1 3 3 3 2 3 3 
1122 0 2 1 2 3 2 2 3 3 
1123 0 2 2 3 3 3 3 3 3 
1124 0 3 2 3 3 3 1 3 2 
1125 0 1 1 2 3 3 3 3 3 
1126 1 3 2 1 3 1 3 3 3 
1127 0 3 1 3 3 3 1 3 2 
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1128 1 3 2 3 3 3 1 3 2 
1129 0 2 2 2 7 3 1 3 3 
1130 0 0 0 5 5 5 5 5 5 
1131 2 3 2 3 3 3 3 3 3 
1132 0 0 0 1 2 1 0 7 2 
1133 2 2 2 1 7 3 2 3 1 
1134 2 3 3 3 3 3 3 5 2 
1135 2 3 2 3 7 3 3 3 3 
1136 3 3 3 3 3 3 3 5 3 
1137 3 3 3 3 5 3 3 3 3 
1138 1 2 2 3 4 3 3 3 3 
1139 1 3 2 3 3 3 3 4 3 
1140 0 1 1 2 5 3 1 2 2 
1141 2 2 2 2 3 2 2 5 2 
1142 1 2 2 1 4 1 1 3 3 
1143 1 2 2 2 3 2 1 4 2 
1144 2 2 2 3 3 3 3 4 3 
1145 2 4 3 3 3 3 1 3 3 
Block S5          
1146 0 1 1 1 1 1 1 1 1 
1147 0 1 1 1 1 1 1 1 1 
1148 0 0 0 0 0 0 1 1 1 
1149 0 1 0 1 1 1 1 1 1 
1150 0 0 0 1 1 1 0 0 0 
1151 0 1 1 1 1 1 1 1 1 
1152 0 1 0 1 1 1 1 1 1 
1153 0 1 0 1 0 1 1 1 1 
1154 0 1 1 0 0 0 1 1 1 
1155 1 1 1 0 1 1 1 1 1 
1156 1 1 1 1 1 1 1 1 1 
1157 0 1 1 0 1 1 1 1 1 
1158 1 1 1 0 1 1 1 1 1 
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1159 1 1 1 1 1 1 1 1 1 
1160 1 1 1 1 1 1 1 1 1 
1161 1 1.5 1 1 1 1 1 1 1 
1162 1 2 1 1 1 1 1 1 1 
1163 1 2 1 1 1 1 1 1 1 
1164 1 1 1 1 1 1 1 1 1 
1165 1 2 1 1 1 1 1 1 1 
1166 1 2 1 1 1 1 1 1 1 
1167 1 2 1 0 0 0 1 1 1 
1168 1 2 2 1 1 1 1 1 1 
Block S8          
1177 1 2 2 1 1 1 1 1 1 
1178 1 2 2 1 2 1 1 1 1 
1179 2 2 2 1 1 1 1 1 1 
1180 2 2 2 2 2 2 1 1 1 
1181 1 2 1 1 1 1 1 1 1 
1182 0 1.5 1 1 1 1 1 1 1 
1183 1 1 1 1 1 1 1 1 1 
1184 1 1.5 1 1 1 1 1 1 1 
1185 1.5 1.5 1.5 1 1 1 1 1 1 
1186 1 2 1.5 1 1 1 1 1 1 
1187 2 2 2 1 2 1 1 1 1 
1188 2 3 3 1 2 1 1 1 1 
1189 2 3 2.5 1 1 1 1 1 1 
1190 2 3 3 1 1 1 1 1 1 
1191 2 2.5 2.5 1 1 1 1 1 1 
1192 1.5 2 2 1 1 1 1 1 1 
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Central Section GBR 
Block C4          
1214 1 2 1 1 1 1 1 1 1 
1215 1 2 1 1 1 1 1 1 1 
1218 1 1 1 1 1 1 1 1 1 
1219 0 1 1 1 1 1 1 1 1 
1222 1 2 1 1 1 1 1 1 1 
1223 1 2 1 1 1 1 1 1 1 
1224 2 3 2 1 2 2 1 2 1 
1225 1 1 1 1 1 1 1 1 1 
1226 2 2 2 1 1 1 1 1 1 
1227 1 1 1 1 1 1 1 1 1 
1228 1 2 1 1 1 1 1 1 1 
Block C6          
1229 2 2 2 1 1 1 1 1 1 
1230 2 3 2 2 2 2 2 2 2 
1231 2 3 2 1 1 1 1 1 1 
1232 3 3 3 1 2 1 1 2 2 
1233 2 3 3 1 1 1 1 2 1 
1234 1 3 3    2 2 2 
1235 3 3 3 1 2 1 1 1 1 
Block C8          
1240    2 2 2 1 1 1 
1241 1 1.5 1 1 1 1 1 1 1 
1242 1 2 1 0 1 1 1 2 1 
1243 1 2.5 2 1 3 2 1 2 2 
1244 1 2 1 0 1 1 0 2 1 
1245 1 2 1 2 3 2 1 2 2 
1246 0 2 2 1 2 2 0 2 1 
1247 1 2 2 1 2 1 1 2 1 
1248 1.5 2 2 2 3 2 1 2 2 
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1249 1 2 2 0 1 0 1 2 1 
1250 1 2 2 1 2 2 1 2 2 
1251 2 2 2 1 2 2 2 2 2 
1252 1 2.5 2 0 1 1 1 1 1 
1253 1.5 2 2 1 2 2 2 3 2 
1254 2 2 2 1 2 1 2 2 2 
1255 2 2.5 2 1 3 1 2 2 2 
Block C10          
1256 1 2 2 0 2 2 1 3 1 
1257 1 2 1 1 3 2 0 2 2 
1258 1 1 1 1 2 1 2 3 2 
1259 1 1 1 1 3 2 1 2 1 
1260 0.5 0.5 0.5 0 2 0 0 1 1 
1261 0.5 1 1 1 1 1 0 0 0 
1262 0.5 1 1 0 0 0 0 1 0 
1263 1.5 4 2 1 2 1 1 1 1 
1264 1 1 1 0 0 0 1 2 1 
1265 1.5 1.5 1.5 3 3 3 1 1 1 
1266 1 2 2 2 2 2 2 2 2 
1267 0.5 2 0.5 1 1 1 0 1 1 
Block C11          
1268 0.5 1.5 1.5 0 2 1 1 2 1 
1269 0 1 1 0 1 1 0 1 0 
1270 1 2.5 1.5 1 1 1 1 2 1 
1271 0.5 1.5 1 0 2 1 0 2 2 
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Torres Strait  
Block 2A Min     Max Mode Min Max Mode Min Max Mode 
2213 1 2.5 2 1 1 1 0 3 1 
2214 0.5 2 2 0 1 1 1 2 2 
2215 1 2 1 0 2 1 0 3 2 
2216 0.5 1.5 1 0 1 1 1 2 2 
2217 0.5 1 1 1 1 1 0 2 2 
2218 0.5 1 1 0 2 1 1 2 1 
2219 0 0.5 0 0 1 0 1 1 1 
2220 0 1 0 0 1 0 1 2 1 
2221 0 1 0.5 0 2 0 0 2 0 
2222 0.5 1 0.5 0 1 1 1 1 1 
2223 0 1 0.5 0 1 0 1 1 1 
2224 0.5 1 0.5 0 2 0 1 2 1 
1 Glare scale: 0 – no glare; 1 – 0#25%; 2 – 25#50%;3 - >50% 
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Appendix Table 4: Raw data for sightings of dugong groups for each transect in each block  
surveyed in 2005 as used to estimate population size. 
Block, Transect Number Adjusted 
transect 
height 
Transect 
length 
(sea 
section 
only) 
Transect 
area 
(km2) 
# groups 
port 
# groups 
starboard 
Moreton Bay 
                     
Block MB1      
1052 425 14.1 6.8 1  
1054 450 12.2 6.2 1  
1056 420 9.0 4.3 1 1 
1058 472 1.9 1.0   
1060 425 2.5 1.2   
1051 443 13.9 7.0 1  
1053 450 13.1 6.7 1  
1055 445 11.2 5.6   
1057 450 1.9 1.0   
1059 450 2.5 1.3   
Block MB2      
1048 424 33.8 16.3   
1049 440 26.9 13.4  1 
1050 510 25.1 14.5   
1052 450 19.6 10.0   
1054 472 18.6 9.9  1 
1056 443 19.3 9.7   
1058 445 15.9 8.0  1 
1060 373 26.3 11.1   
Block MB4      
1022 450 16.6 8.5   
1023 450 18.1 9.2   
1024 470 18.3 9.8   
1026 450 18.5 9.4   
1027 458 18.8 9.8 4 5 
1028 450 19.1 9.7   
1029 433 19.3 9.5 4 1 
1031 450 19.5 9.9   
1032 469 19.3 10.3 3 1 
1033 450 19.4 9.9   
1034 450 19.0 9.7 1 3 
1036 450 18.3 9.3   
1037 450 18.3 9.3 3  
1038 450 18.4 9.4   
1039 458 17.5 9.1   
1041 450 17.9 9.1   
1042 458 17.8 9.3 1  
1043 450 17.5 8.9   
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1044 428 17.1 8.3   
1046 450 16.6 8.4   
1047 436 16.2 8.0   
1048 424 33.8 16.3   
1049 440 26.9 13.4  1 
1050 510 25.1 14.5   
1052 450 19.6 10.0   
1054 472 18.6 9.9  1 
1056 443 19.3 9.7   
1058 445 15.9 8.0  1 
1060 373 26.3 11.1   
Block MB6      
1010 450 5.7 2.9   
1011 450 7.7 3.9   
1012 467 9.8 5.2   
1013 450 10.5 5.3   
1014 450 10.0 5.1   
1015 425 10.8 5.2   
1016 475 9.9 5.3  1 
1017 450 10.1 5.1 1  
1018 475 12.9 6.9 1  
1019 467 12.5 6.6  1 
1020 488 15.0 8.3   
1021 463 13.6 7.2 1  
Hervey Bay 
Block HB1      
1061 438 3.2 1.6  1 
1062 413 3.2 1.5   
1063 450 2.9 1.5   
1064 450 3.4 1.7   
1065 450 5.5 2.8 1 4 
1066 450 5.1 2.6 2  
1067 450 3.4 1.7 2 1 
1068 450 6.9 3.5 1 2 
1069 475 8.5 4.6 1 2 
1070 500 7.6 4.3  2 
1071 450 10.5 5.4 1 3 
1072 450 7.3 3.7   
1073 450 7.1 3.6 1  
1074 450 8.2 4.2 1  
1075 463 8.2 4.3  2 
1076 450 6.3 3.2   
1077 450 7.7 3.9  1 
1078 450 6.2 3.2   
1079 450 7.6 3.9   
1080 500 9.5 5.4 1 2 
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1081 463 12.7 6.7   
1082 450 11.7 6.0   
1083 450 10.2 5.2   
1084 435 9.0 4.4 1  
1085 450 11.0 5.6   
1086 483 13.2 7.3   
1087 463 13.5 7.1 2 2 
1088 425 14.7 7.1 2 4 
1089 450 14.8 7.6 1 2 
1090 450 14.5 7.4 1 1 
Block HB2      
1091 433 21.7 10.7 2 3 
1092 443 36.1 18.1 1  
1093 458 39.0 20.3  2 
1094 450 37.0 18.8   
1095 438 41.0 20.3 2 8 
1096 465 43.3 22.8 1 4 
1097 450 46.8 23.9 8  
1098 390 53.7 23.8 7 6 
1099 447 58.1 29.4 11 5 
1100 439 61.8 30.7 1 1 
1101 465 64.7 34.1 3 5 
1101 446 67.5 34.2 1 1 
Block HB3      
1103 463 37.5 19.6 2 3 
1104 452 38.5 19.7 1  
1105 467 38.5 20.4   
1106 450 35.4 18.1 4 6 
1107 450 31.8 16.2 2  
1108 450 28.9 14.7   
1109 450 32.5 16.6   
1110 450 25.1 12.8   
Block HB4      
1103 450 35.7 18.2 1 1 
1104 450 37.3 19.0   
1105 450 36.7 18.7   
1106 450 37.4 19.1  1 
1107 450 38.9 19.9   
1108 450 42.2 21.5   
1109 450 46.3 23.6 1  
Southern Section GBR 
Block S3     
1116 463 10.2 5.3   
1117 455 18.5 9.5   
1118 450 14.8 7.5   
1119 471 17 9.1  1 
 77 
1120 450 13.7 7  1 
1121 450 21.5 11 1  
1122 475 22.2 12   
1123 458 20.4 10.6   
1124 463 21.7 11.4   
1125 463 26.7 14 1  
1126 500 27.2 15.4   
1127 450 9.9 5 1  
1128 450 9.3 4.7   
1129 450 18.5 9.4  3 
1130 442 16.7 8.4   
1131 500 5 2.8   
1132 450 1.9 1   
1133 450 1.3 0.7   
1137 463 8 4.2   
1138 463 14.4 7.5   
1139 317 14.8 5.3   
1140 467 15.9 8.4 1  
1141 450 18.3 9.3   
1142 450 22.1 11.3   
1143 450 14.5 7.4 1 1 
1144 463 14.1 7.4   
1145 475 18.5 10   
S5      
1146 437 0.6 0.3  1 
1147 446 2.3 1.1 1 1 
1148 440 4.4 2.2 1  
1149 458 8.1 4.2  1 
1150 450 10.9 5.6 2  
1151 470 3.6 1.9 2  
1152 440 8.2 4.1   
1153 470 18.1 9.6  1 
1154 473 15.3 8.2   
1155 460 17.7 9.2 2  
1156 450 19.3 9.8  1 
1157 453 23.8 12.2 1 1 
1158 465 26.7 14.1 2 4 
1159 450 31.6 16.1 3 1 
1160 443 35 17.6 1  
1161 460 40.6 21.2 1  
1162 458 32.8 17 1  
1163 452 35.7 18.3 2 2 
1164 468 34.9 18.5 1  
1165 460 36.1 18.8 1  
1166 460 39.5 20.6   
1167 473 41.2 22.1   
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1168 476 39 19.9   
                           Block 
S8 
     
1177 463 23.3 0.0   
1178 450 23.5 0.0   
1179 455 23.0 0.0   
1180 475 17.7 0.0   
1181 444 27.7 0.7 1 1 
1182 450 21.1 0.0   
1183 480 22.1 0.0   
1184 485 23.3 0.0   
1185 510 20.2 0.0   
1186 463 22.9 0.2  1 
1187 467 23.0 0.0   
1188 470 22.0 0.2 1  
1189 490     
1190 450  0.0   
1191 477  0.0   
1192 299  0.0   
Central Section GBR 
Block C4      
1214 455 13.0 6.7   
1215 485 18.5 10.2   
1218 440 17.5 8.7 1 2 
1219 453 18.4 9.4   
1222 410 21.0 9.8   
1223 485 24.7 13.6  2 
1225 425 21.4 10.3 1  
1226 466 20.1 10.6  1 
1228 450 23.4 11.9 1  
Block C6      
1229 430 10.4 5.1 4 1 
1230 425 11.9 5.7 2 4 
1231 500 14.7 8.3 1 1 
1232 483 15.1 8.3   
1233 513 17.1 9.9 3 2 
1234 410 19.0 8.8  1 
1235 437 21.8 10.8 1  
Block C8      
1240 450 11.2 5.7 1  
1241 460 17.1 8.9 1  
1242 450 21.0 10.7 2 3 
1244 460 25.1 13.1 2 5 
1246 450 27.5 14.0   
1247 458 27.6 14.3 1 1 
1249 445 20.0 10.1   
1250 463 23.8 12.5   
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1251 2625 21.2 63.1   
1252 473 25.5 13.7 1 2 
1253 440 22.2 11.1   
1254 460 22.2 11.6   
1255 457 26.4 13.7   
Block C10      
1257 384 38.6 16.8   
1256 451 39.6 20.3 3  
1260 443 12.1 6.1  1 
1261 460 9.7 5.1  2 
1262 450 10.6 5.4 1 2 
1263 450 9.1 4.6  5 
1264 248 6.2 1.7  2 
1265 510 3.2 1.8   
1267 455 12.1 6.2 1 4 
Block C11      
1268 454 45.1 23.2 1 3 
1269 450 15.8 8.1  1 
1270 392 30.8 13.7   
1271 375 22.2 9.4   
Torres Strait  
Block 2A      
2214 465 67.6 35.7 3 4 
2215 418 65.2 30.9 1  
2216 453 67.5 34.6 4 1 
2217 450 67.5 34.4 1 5 
2218 452 67.4 34.5 8 10 
2219 450 67.4 34.4 3 3 
2220 461 67.4 35.2 3 8 
2221 457 67.3 34.9 9 5 
2222 459 67.3 35.0 11 16 
2223 455 67.2 34.7 8 5 
2224 399 67.2 30.4 12 2 
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Appendix Table 5. Details of group size estimates and correction factors used in the population estimates for dugongs in the 2005 
survey of Moreton Bay, Hervey Bay, the southern Great Barrier Reef Region and Torres Strait Block 2A using the Method of Marsh 
and Sinclair (1989). 
 
 
Blocks: Transects Groups size 
(C.V) 
Number of observers 
 
 
Port                          
Starboard 
Perception correction 
factor 
estimate 
(C.V) 
 
Port                          
Starboard 
Availability correction 
factor 
estimate 
(C.V) 
Moreton Bay 
1:1052-1059, 2:1048-1060, 
4:1022-104, 
6:1010-1021 
 
 
1.610 (0.092) 
 
 
2                                    
2 
 
1.120 (0.023)     1.058 
(0.012) 
 
2.006 (0.129) 
Hervey Bay  
1:1061-1090, 2: 1091-1102 , 
3:1103-1110 , 4: 
1111-1115 
 
 
1.610 (0.092) 
 
 
2                                    
2 
 
1.120 (0.023)     1.058 
(0.012) 
 
2.006 (0.129) 
Southern Section 
3: 1116-1145, 5: 1146-1951, 
8: 1177-1192 
 
 
1.56338 (0.082) 
 
2                                    
2 
 
1.26 (0.073)       1.216 
(0.069) 
 
2.973 (0.140) 
Central Section 
4: 1214-1228, 6: 1229-1235,  
8: 1240-1255, 10:1257-1267, 
11: 1268-1272 
 
 
1.56338 (0.082) 
1.349 (0.037) 
 
2                                    
2 
2                                    
2 
 
1.26 (0.073)       1.216 
(0.069) 
1.042 (0.010)       1.066 
(0.014) 
 
2.973 (0.140) 
2.593 (0.126) 
Torres Strait 
2A 
1.349 (0.037) 2                                    
2 
1.042 (0.010)       1.066 
(0.014) 
2.593 (0.126) 
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Appendix Table 6a. Estimates of dugong numbers for each survey block in the Southern and Central Sections of the Great Barrier 
Reef  Marine Park for various surveys conducted between 1986-2005 inclusive All surveys were in November-December unless 
otherwise indicated.  The block locations are in Appendix Figures 3-7. 
 
Block  Population (s.e.) 
Marsh and Sinclair (1989) 
Population 
(s.e) 
Pollock et al 
(2006) 
Southern 
Section 
GBR 
 
S1 
S2 
S3 
S4 
S5 
S6 
S6A 
S6B 
S6C 
S7 
S8 
1986 
 
 
tfe1 
0 
301 (95) 
51 (48) 
765 (161) 
542 (293) 
dd2 
dd 
dd 
0 
240 (104) 
 
1992 
 
 
122 (71) 
94 (50) 
91 (60) 
tfe 
566 (185) 
tfe 
dd 
dd 
dd 
0 
Tfe 
1994 
 
 
0 
0 
104 (56) 
67 (44) 
406 (78) 
82 (60) 
dd 
dd 
dd 
0 
38 (37) 
1999 
 
 
0 
0 
55 (37) 
0 
628 (162) 
dd 
0 
0 
tfe 
0 
69 (63) 
2005 
 
 
zzt 
tfe 
183 (66) 
zzt 
1033 (101) 
dd 
tfe 
zzt 
ns 
zzt 
tfe 
2005 
 
 
zzt 
tfe 
116 (64) 
zzt 
898 (295) 
dd 
tfe 
zzt 
ns 
zzt 
tfe 
Central Section 
GBR 
C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
1987 
 
31 (35) 
65 (69) 
0 
173 (77) 
312 (122) 
171 (87) 
136 (120) 
360 (92) 
0 
184 (110) 
100 (71) 
1992 
 
70(59) 
0 
35 (27) 
40 (24) 
0 
91 (46) 
58 (50) 
106 (56) 
257 (105) 
141 (89) 
86 (72) 
1994 
 
0 
0 
tfe 
tfe 
tfe 
tfe 
54 (38) 
183 (29) 
157 (77) 
377 (154) 
107(71) 
1999 
 
90 (57) 
n/s 
353 (211) 
445 (236) 
203 (90) 
tfe 
270 (96) 
361 (157) 
424 (159) 
748 (432) 
213 (118)  
2005 
 
tfe 
ns 
tfe 
234 (79) 
ns 
494 (175) 
tfe 
211 (84) 
zzt 
322 (118) 
103 (34) 
2005 
 
tfe 
ns 
tfe 
145 (86) 
ns3 
331 (190) 
tfe 
216 (129) 
zzt 
280 (130) 
73 (50) 
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C!2 
 
tfe tfe tfe tfe zzt zzt 
Southern and Central Sections GBR   
Totals all blocks 3431 (456) 1757 (286) 1575 (233) 3911 (637)   
Totals 2005 
blocks 
only 
2461 (317) 1284 (252) 1269 (204) 3232 (608) 2580 (271) 2059 (413) 
% 2005 Blocks 
/Total 
71.7 73.1 80.6 82.6   
1 too few to estimate: <5 dugongs sighted – data from prior publications modified to reflect this; 2 not surveyed: slightly different 
design; 3 not surveyed 
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Appendix Table 6b. Estimates of dugong numbers for each survey block in Moreton Bay and Hervey Bay and the Index Block In Torres Strait for various surveys 
 conducted between 1986-2005 inclusive. All surveys were in November-December unless otherwise indicated. The block locations are in Appendix Figures 1, 2 and 9. 
 Historical data from Marsh and Saalfeld (1990); Marsh et al, (1996); Marsh and Lawler (2000), Marsh et al, (1997) and (2004).  
 
 
Block Population (s.e.) 
 Marsh and Sinclair (1989) 
Population (s.e) 
Pollock et al (2006) 
Moreton Bay 
 
M1 
M2 
M3 
M4 
M5 
M6 
M7 
M8 
1988 (Aug) 
 
tfe 
0 
0 
442 (69) 
tfe 
tfe 
0 
0 
  19954 
 
25 (16) 
tfe 
tfe 
921 (35) 
0 
22 (21) 
ns 
ns 
 
 
 
 
 
2005 
 
97 (18) 
tfe 
298 (28) 
60 (24) 
0 
tfe 
zzt 
zzt 
2005 
 
95 (37) 
tfe 
301 (43) 
26 (21) 
0 
tfe 
zzt 
zzt 
Totals 442 (69)   968 (44)  454 (41) 421 (60) 
Hervey Bay 
 
H1 
H2 
H3 
H4 
H5 
1988 (Aug) 
 
269 (147) 
1753 (388) 
153 (59) 
tfe 
ns 
1992 
 
943 (377) 
71 (40) 
tfe 
74 (50) 
ns 
1993 
 
193 (52) 
257 (85) 
tfe 
74 (74) 
ns 
1994 
 
287 (79) 
408 (115) 
tfe 
tfe 
tfe 
1999 
 
373 (96) 
875 (196) 
113 (71) 
112 (76) 
180 (53) 
2005 
 
649 (110) 
1331 (261) 
566 (296) 
0 
0 
2005 
 
389 (130) 
1143 (353) 
545 (392) 
0 
0 
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H6 
 
ns 
 
ns 
 
ns 
 
ns 
 
0 
 
0 
 
zzt  
 
Totals 2175 (419) 1088 (382) 524 (124)  695 (140) 1653 (248) 2547 (410) 2077 (543) 
Torres Strait 
Block 
2A 
1987 
 
6424 (1679) 
1991 
 
9313 (1798) 
 1996 
 
10869 (1600) 
2001 
 
3504  (403) 
2005 
 
4251 (819) 
2005 
 
4042 (671) 
1 too few to estimate: <5 dugongs sighted – data from prior publications modified to reflect this; 2 not surveyed: slightly different design; 3 not surveyed; 4  mean estimate is between 499 and 549 
see Preen and Marsh (1995); 5 from Lanyon (2003) minus data from zones where < 5 dugongs sighted; note Lanyon’s estimates in other months of 1995 range from 503 (64) to 1019 (166) 
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Appendix Table 6c. Estimates of dugong numbers for each survey block in Hervey  
Bay and Moreton Bay for various surveys conducted by Lawler (2001) in 2000-2001.  
The block locations are as in Appendix Figures 1 and 2. 
 
Block Dec 2000 Apr 2001 Nov 2001 
 Population (s.e.) Population (s.e.) Population (s.e.) 
Moreton Bay 
1 tfe1 tfe Tfe 
2 tfe tfe Tfe 
3 tfe tfe Tfe 
4 344 (88) 366 (41) 493 (45) 
5 tfe tfe Tfe 
6 tfe tfe Tfe 
Total 344 (88) 366 (41) 493 (45) 
Hervey Bay 
1 ns2 416 (68) 446 (112) 
2 ns 348 (110) 1263 (375) 
3 ns 155 (68) Tfe 
4 ns tfe Tfe 
5 ns ns Tfe 
Total  919 (146) 1708 (392) 
1 too few to estimate: <5 dugongs sighted – data from prior publications  
modified to reflect this; 2 not surveyed. 
 
 
 
 
 
